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(57) Abstract 

RadiatioaHaDsslinkaible dastomerfc compositians ccmtaining: (a) an elas- 
tomeric polymer containing abstractable hydrogen atoms in an amount sufficient to 
enable the elastomerie potymCTtpimdeign e maglittttng in thf, prftsgnf^i a smtabte 
radiation-activatBble crasslinld^g agent; and (b) a radiation-activatable crosslinking 
agent of fonnula (I) wheiein X lepiesents Ob-; phenyl; or substituted-phenyl; or substimtcd-phenyl widi the proviso that any substitoents 

the substimted-iflienyl do not inteiftie with die U^-^^ 
intramolecular hydrogen abstraction of die radiation activatable crosslinking agent; W represents -O-, -NH-, or -S-; Z represents an organic 
spacer selected ftom die groiq> consisting of aliphatic, aromatic, aialkyl, heteroaromatic, and cyclo^hatic groups fiee of estm. amides, 
ketones, uredianes, and also fiee irf ethers, duds, aUylic groups; and benylic groups widi hydrogen atoms intramoleculaily accessible to 
die caibonyl group(s) present hi die radiatkm-activaiable crosslinking agent; and n represents an hit^ger (tf 2 or greater. Fuidier disdosed 
are novel photocrosslbikeis based upon 2,4.6-tri(4-benzoylphenoxy)-13,5-triazmes. 
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RADIATION-CROSSUNKABLE ELASTOMERS AND 
PHOTOCROSSUNKERS THEREFOR 

FIELD OF THE INVENnON 
TWs invention relates to novel radiation-activatable photocfosslinking ageits. This 
invention also relates to radiation^rosslinkable elastomers. This invention fimher relates to 
radiation-crosslinked elastomers. 

BACKGROUND OF THE ART 

It is known that crosslinking of polymo^ produces polymer networks \;^*ich have 
quite diffeent mechanical and physical propwties compared to their unwosslinked linear or 
branched counterparts. For example, polymer networks can show such unique and highly 
desirable properties as solvent resistance, high cohesive strength, and dastomeric character. 

Crosslinked polymers can be made jn sjtu during formation of the desired polymer 
product, however, since forther procesang of the polymer product is often necessaiy, it is 
more ^ical to start from the linear or branched polymer which in the final processing step 
is cured to a crosslinked material. The curing or crosslinking stq) is typically activated by 
moisture, thermal energy, or radiation. The latter has found widespread applications, 
particularly in the use of ultraviolet light as the radiation source. 

In the past, a variety of different materials have been used as crosslinking agents, 
e.g., polyfiincdonal acr>iates, acetophenones, boizophenones, and triazines. The foregoing 
crosslinking agents, however, possess certain drawbacks which indude one or more of the 
following: high volatility; incompatibility with certain polymer systems; generation of 
corroave or toxic by-products; gena^tion of undesirable color; requirement of a sq)arate 
phoioaaive compound to initiate the crosslinking reaction; and high senativity to oxygen. 

Certain polyfunctional benzophenones have been investigated as photocrosdiridng 
agents and/or photosensitizers in various photopolymerizable q«ems. 
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JP 54/057560 discloses the use of (bis)benzophenone compounds to photocrossfink 
non^omeric materials - in particular, polyester compositions. When incoiporated into 
polyesters, they impart improved tensile strength and elongation to biaxiaOy stretched films 
of crosslinked polyethylene terephthalate). These films also exhibit enhanced v«ather. 
heat, and dionical resistance and improved dimensional stability. 

US. Pat. No. 4.602.097 (Curtis) discloses the use of (bis)benzophenones as 
photoinitiators and/or photosensitizers in radiation-^:ured coatings! The poly(ethylene 
oxide) moiety which separates the terminal benzophenone groups allows the claimed 
compositions to be more soluble than unsubstituted-bcnaphenones in waterbome coating 
compositions. The (bis)benzophenone compoumls. however, contain hydn)gm donating 
groups, such as the methylenes adjacem to the oxygen atoms of the ether fii^ 
These hydn>gen donating groups undergo an intramolecular hydrogen abstraction by tiie 
photochemically excited (bis)ben2ophenone structure to pn)vide a lower energy radical 
which is efifective as an initiator, but unsuitable as a photocrosslinker. 

PCT Patent Appln. WO 93/16131 and U.S. Pat No. 5.407.971 (Everaerts et al.) 
describes a radiation<rosslinkable elastomeric composition containing: (a) an elastomeric 
polymer containirig abstnu:table hydrogen atoms in an amount sufficient to enable die 
elastomeric polymer to undergo crosslinldng in die presence of a suitable radiation- 
activataWe crosslinking agent; and (b) a radiation-activaiable polyfimctional acetophenone 
or benzophenone crosslinking agent. According to Formula (I) of this appUcation. if 
substituent "W is present O-e.. the aceto- or benzophenone moieties of these cosslinkers 
have an etiier. tiuoeUier or amino linkage), dien an internal ketone, ester or amkle 
fimctionality O-e.. substituent "Y") must also be present. From a symhetic standpoint, such 
crosslinkers are prepared in a reaction sequence im«>hang at least two steps. TTie first step 
invokes preparation of an acetophenone- or benzophenone-fimctional alkyl ester 
derivative. The second step involves the reaction of diis of tiiis alkyl ester witii either short 
chain or higher molecular weight nucleophiles. Additional reaction steps may also be 
required if other fimctionalities, such as urediane groups, are desired in spacer "Z". 

US. Pat. No. 4.379.201 (Heilmann et al.) is an example of a dass of polyaciylio- 
&nctionalcrosslinkersusedinthephotocuringof(meUi)actylateco^ U.S. Pat 
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Nos. 4,391.678 (Vesley) and 4.330.590 (Vesley) describe a class of 6st curing triazine 
photocrosslinkers which, when mixed with an aayfic monomer and, optionally, a 
monoethylenically unsaturated monomer, and exposed to UV radiation, forms a crossEnked 
polyaaylate. The CTosslinks formed by both the (mrth)aaylates and the triazines in these 
copolymerizations prevent any farther processing, such as hot melt coatiqg. reactive 
extrusion, or sohrtion coating processes, foflowing the mitia] photopolymerizalion. 

U.S. Pat No. 4.737.559 (KeDen et al.) discloses acrytate-fancional aromatic 
ketones On particular, 4-acryloxybena)phenone "ABIT) whkrh ai« incorporated with other 
(meth)acrylate monomers to form ptessure^tive adhesive copolymer containiiig 
pendant benzophenone groups. These benzophenone functional pressure-senshive adhesive 
copolymers undergo efficient crossGnkiftg upon exposure to UV fight, especially when 
compared to the use of conventional benzophenones as a photocrosslinker. TWspatent 
also specifically states that the disdosed compounds must be fiee of Mroxy gn^ 
posltionorthotothecarbonylfimctionality. These liydroxy substituents inhibit free^adkal 
formation and hydrogen abstraction from the aoybte copolymer backbone. However, 
since these aoylatfr-fanctional aromatic ketones are monomers to be copolymerized 
primarily with other acrylic monomers, they are not usefiil as a post-polymerization 
photocrosslinker which miQr be compounded with previously prepared elastomeric 
polymers of vaiying chenucal character. 

Hiefe is a strong desire to be able to crosslink adhesive systems after all 
processing requirements have been accomplished. As the industry moves towards the 
use of hot-melt adhesives and away from solvent-based coatings, this requirement 
becomes even more important. Many approaches and polymer types have been studied 
to obtain the desired properties. E-beam and UV radiation curing have been leading 
the way with respect to post-radiation curing. There are problems associated with 
both routes and no universal solution is currently apparent. 

It was against the foregoing background that a search for improved radiation- 
crosslinkable materials and radiation-activatable crosslinking agents was conducted. 
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SUMMARY OF i NVENTrnN 
In accordance with one endxxfiment of the present invention, there is provided a 
wfiatioiHaDssIinlcable composition comprising: (a) an elastomeric polymer containing 
abstractable hydrogen atoms in an amount sufficient to enable the elastomeric polymer to 
undergo crosslinldng in the presence of a suitable radiation-activatable crossGnking agent; 
and (b) a radiation-activatable crosslinldng agent of die formula: 



w^ierein: 

X represents CH,-; phenyl;or substituted-phenyl widi the proviso that any substituents on 
the substituted-phenyl do not interfere with die light-absorbing capacity of the radiation- 
activatable crosslinldng agent and do not promote intramolecular hydrogen abstraction of 
the radiation activatable crosslinldng agent; 
W rqsresents -0-,-NH-, or -S-; 

Z represents an organic spacer selected fiom die group consisting of afiphatic, aromatic, 
aialkyl. heteroaromatic. and cycloaliphatic groups fiee of esters; amides; ketones, and 
ui«hanes. and also free of ed«rs. duols. allylic groups, and benzylic groups witi. hydrogen 

atoms intramolecularly accessible to die carboriyl group in fonmila 0); and 
n i^MTesents an int^ of 2 or greater, pKlmiAy 2-6. 

It is also vAhin die spirit and scope of the pi««nt invention that the phenylero 
of fonnula (I) linkiiig a caibonyl group and "W" can also contain one or more substituents 
whk* do not interfere widi die light-absorbing capacity of die crosslinking agent and vrfnch 
do not promote intramolecular hydrogen abstraction of die elastomer. 

It is also widiin die spirit and scope of die present invention diat die organic spacer 
Z of fonnula (I) may contain a minimal number of estei^s. amides, ketones, and uredianes 
widiin its internal stnicture. and not as terminal groups, which contain some abstractable 
hydrogen atoms, yet do not lead to "intramolecular backbiting" of die radiation^wtivatable 
crossBnking agent formula (I). 
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In one preferred embodiment of the present mvention, the ladiation-activatable 
crosslinking agent used in the radiationKrossIinkable elastomer is of the fomiula (I) above 
wherein X is phenyl; W is oxygen; Z is 4CH2-f2-12; and n is 2. 

In another preferred embodiment of the present invention, the radiation^cttvatable 
crosslinldng agent used in the radiatio^crosslinkable elastomer has the ibnmila (D) shown 
below: 




00 



wherein: Y represents carbon or phosphorus, each R substituent independently 
represents hydrogen; Ci to Cg alkyl; C, to Cg alkoxy; or halogen; and x is 1 or 2. 

with the proviso that when Y is carbon, x must equal I and when Y is phosphorus, x 
must equal 2. 

So fir as is known, no one has previously utilized any of the aboveKiisdosed 
radiation-activatable pdyfimctional acetophenones and benzophenones as crosslinking 
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agents for dastomeric polymers. Additionally, the use of the above^osed 
polyfonctional acetophenones and benzoph^rones afFoids a number of advantages as 
compared to the use of com/entionalcrosslinking agents for elastomeis. TTiese advantages 
indude. but are not limited to. lowered volatility of the crosslinking agent due to its higher 
molecular weight; increased compatibility of the crosslinker through the selection of the 
oiganic spacer, decreased sensitivity of the crosslinkable composition to ox^en; the 
avoidance of evolution of any toxic or coirosive by-products or discoloiation of the final 
product; and the capabflity to be used as a post^uringcrosslinking additive. Fuithennoie, 
the crosslinldng agents for dastomeric polymens of d,e presem im/ention have the following 
advantages over previously described polyfunctional acetophenones and benzophenones; 
ease of syndiesis; improved crosslinldng effidency; lower cost Waiting materials; and 
optional indusion of substitution on the benzophenone group. 

The classes of radiation-activatable crosslinkers represented by formula (II) are 
2.4.6.tri(4-benzoylphenoxy).l,3.5.triazines and hexalds(4-benzoylphenoxy)-1.3,5. 
Phosphazenes whid. can be synthesized in one step fh,m commercial starting miterials. 
The UV-visible spectra of these multifunctional benzophenone photocrosslinkers 
generally have greater range and extinction coeffidents greater than conventional 
benzophenones. They are non-volatile. non-HCI produdng, non-photoydlowing. and 
photocrosslink under both high and low intensity UV Ught. 

In another embodiment of the present im^tion. novd photoactivatable 
oossfinkers are provided. TTiey are 2.4.6^(4-benzoylphenoxy>I.3.5-triazines based upon 
fonnula (II) wherdn Y represents carbon, x is 1 . and R is as defined pr^ously. 

Other aspects, advantages, and benefits of the present im/emion aie apparent fiom 
the detailed description, die examples, and the claims. 



DETAE.ED DESCRTPTinN f^ P thF TNVFNTt^ m 
The radiation-crosslinkable compositions used in d« present im«ition are 
elastomeric polymers ("dastomers") whidi contain abstnuaaWe hydrogen atoms. Tbo 
abstractable hydrogen atoms will be presem in die baddwne and/or side duuns of the 
elastomer in an amoum suffidem to allow crosslinldr« of the dastomer upon exposure of 
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the photocrossfinldng agent/dastomer mixture to radiation, eg., dectroniagnetic radiation, 
such as uhravblet (W) fight. As a general mle. hydrogen atoms are most easily 
abstracted from tertiary caibon atoms, allyfic and benzylic groups, those hydrogens on 
carbon atoms in a position alpha to an oxygen or nitrogen atom (e g., organic ethers and 
tertiary amines), and those dastomers with tormmal or peidant mercapto groiqw. 

In the present invention, an elastomeric polymer or elastomer is defined as beirig a 
macromolecular material that returns rapidly to its approximate initial dimensbns and shape 
after substantial deformation by a weak stress and subsequent release of that stress as 
measured according to ASTM D 1456-86 ("Standard Test Method For Kubber Property^ 
Elongation At Specific Stress"). Examples of elastomers which can be used in the present 
invention inchide. but are not limited to. styren&butadiene rubber (SBRX 
styrenessoprene-styrene block copolymers (SIS), styrene^nitadiene^ayrene block 
copolymers (SBSX ethylene-propylene-diene monomer rubbers (EPDM), polyisobulyleoe; 
natural rubber, synthetic polyisoprene. polybutadiene^ acryionitrile-butadiene copotymers; 
poIycMoroprene. edrylene-vinylacetate, poly(cw)lefinsX poly(vinyi ediera). polyvinyl 
esteraX polymethacrylates, and polyacrylates. The preferred elastomers for use in the 
present invention are polyacrylates. natural rubber, polybutadiene, polyisoprene, SBS block 
copolymers, and SIS Mode copolymers. 

The radiation-activatable crosslinking agents utilized in radiation<rosslinkable 
dastomer erf the present invention have the following formula: 



O 



(0 



wherein: 

X represents CHj-; phenyl; or substituted-phenyl with die proviso tiiat any substituents on 
the substituted-phenyl do not interfere with the Kght-absorbing capacity of die radiation, 
activatable crosslinking agent and do not promote intramolecular hydrogen abstraction of 
25 the radiation-activatable CTOsslinkirig agent; 
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W represents -0-,-NH-, or -S-; 

Z represents an oiganic spacer selected from the group consisting of afiphatic. aiomatk; 
aralkyl. heteroaromatic. and cydoaliphatic groups free of esters, amides, ketones, 
ui^hanes. and also fieeofethers. thiols. aUylic groups, and benz^ groups with hydrogen 
atoms tntramoleculariy accessible to the caxbonyl group in formula (I); and 
n rqwesents an int^o- of 2 or greata-, prrferably 2-6. 

Substituents on any phenyl or phenylene rings of fimmila a) which would 
with the Kght-absori,ing capacity of Ae radiation-activatable aossliridng agent are those 

which are chromophoric in nature and absorb light in the range of about 240 to 400 nm a^ 
preferably, about 290-350 nm. with extinction coefficients larger than the con«ponding 
absorptions in unsubstituted Fomiula G). Examples of non-fight absorbing substituents 
inchide halogen, alkoxy. and allqrl substituents. 

Pheiiyl or phenylene substituents in formula (I) shouU also be ft* of 
intramolecularly accessible, readily abstrectable hydrogens which are present in such 
fimctionalities as eUiers. thiols, allylic groups, benzyfic groups, tertiary amines, and the fike 
to prevent or Emit the incidence of deleterious intramolecular reactions. 

The for^oir« crosslinking of feraiula (I) can be qffdiesi^ 
reactions well known to tirose skUled in the art of symhetic organic chemistry, e g., an ^ 
nudeophilic aliphatic substitution reaction between 4-substituted-ben2ophenone, 
4-substituted-acetophenone. or derivatives ti«eof with halofunctional aliphatic, aromatic, 
anillq^ heteroaromatic. and cydoaliphatic compounds free of urethanes, esters, amides 
ketones and also free of ethers, tiuols. allylic groups, and benzylic groups witi, hydrogen 
atoms imramolecularly accessible (defined herein later) to Ae carbonyl group in formula (I). 

Organic spacer segments Z and phenyl or phenylene substituents in formula (I) ttay 
be prepared to enhance the compatibility and decrease the volatility of the polyfimctional 
photocrosslinking agents in varying poly„,eric systems. For example, organic spacer 

segmentZ and phenyl or phenylene substituents in fomuila (D can be selected to enhance 
the aliphatic character of ti,e typically aromatic benzophenone or acetophenone moieties. 
Such modification can result in photocrossBnki.^ agents which are more compatible and 
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efficient in elastomeric materials such as natural rubber, polybutadiene; poly(a-olefinsX and 
thelike. 

The organic spacer s^ment Z may also be selected to modify the theological and 
mechanical properties of the radiation<rosslinked materials. A rigid spacer group vnU 
result in a different rheology than a flexible spacer group. Also, the length of the spacer 
group may be used to control the crosslink density of the networic Although die spadi^ 
of die crosslinking points along die backbone of die elastomer may not be precisely 
conlroUed, die size and chemical nature of die linkage may be detemnned using die 
crosslinking agents disclosed herein. As die concemration of crosslinking agent decreases 
in die photocurable mature, die properties of die crosslinked elastomeric networic become 
increasingly dominated by the mechanical and riieological properties of die elastomer. 

Organic spacer Z should be free of such functionalities as ediers, tiiiols, allylic 
groups, and benzylic groups witii hydrogen atoms which are imramoleculariy accessible to 
die cariN>nyl group in formula (I). "Intnunolecular accessibility^ relates to die steric. 
orientadonal and/or conformational abiHty of die excited cari^onyl group in fomiula (I) to 
approach closely enough to die hydrogen atoms to effect die abstniction process. When 
sudi functionaKties are present, irradiation will cause hydrogen abstraction at sites d^^^ 
spacer segment instead of abstracting hydrogens from die dastomeric polymer backbone. 
This leads to an undesired intramolecular "backbiting" reaction which reduces die 
photocrosslinking efficiency of muhifimctional crosslinkers which contain spacer segments 
widi readily abstractable hydrogens. 

In one preferred embodiment of the present invention, die ladiation-activatable 
crossBnker used in die radiation-crosslinkable composition is of die formula (T) wherm: X 
is phenyl; W is oxygen; Z is -f CH2-)-2.i2; and n is 2. 

In another preferred embodiment of the present invention, die radiation- 
activatable crosslinkers used in die radiation-crosslinkable elastomeric composition are 
of the formula (11) ^wn bdow: 
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wherein: Y represents caibon or phosphorus, each R substituent independently 
represents hydrogen; C, to Cg alkyl; C, to Cg ^^koxy, or halogen; and x is I or 2. 

with the proviso that when Y is carbon, x must equal I and when Y is phosphorus, x 
must equal 2. 

Novel compounds according to fonnula (U) wherein Y represents caibon; x is 
1; and R is defined as previously, are also provided by the present invention. 

The compounds of formula (II) can be synthesized in at least three ways, 
although the routes vaor in convenience and yield. 4-hydroxybenzophenone can be 
tieated with 2.4,6-trichlorotria2ine in the presence of potassium carbonate in refluxing 
xylenes to give moderate yields of the parent compound, which is readily recystallized 
from tohiene/ethyl acetate. A similar pathway that uses pyridine as both base and 
sohrem gives feir yields of the fluoro-substituted compound. The simplest route is « 
«to formation of cyanogen bromide from bromine and sodium cyanide, addition of the 
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4.hydroxybenzophenone and triethylamine to give the aiyl cyanate, and subsequent 
heating to yield the triazine. Furthermore, the addition of Lewis adds (e.g., riCl4) can 
be employed to accelerate the trimerization of the cyanate. This one-pot synthesis is 
tolerant of a variety of functionalities and provides good yidds. 

4-hydroxyben2ophenones are avaifaible commercially (e.g.. Aldrich) and/or can 
be prepared by literature methods. 

Preferably, about O.OI - 25 weight % photooosslinking agent, more pic&raUy, 
about 0.1-10 weight %, and most preferably about 0.1-1.0 weight %. is employed based 
upon the total weight of the elastomer. In general, the amount of photocrossBnldng agent 
employed is based upoii the ease of hydrogen abstraction fiom the eiastomeric polymer 
baddxme, the reactivity of the radicals formed, the intensity and length of exposure of the 
composition to irradiation, and the elastomei's molecular weight and the desired final 
pnqierties of the material. 

Other usefiil materials which can be optionally utilized in tiie present invention 
inchide, but are not limited to, diermally expandable polymeric microspheres, glass 
microspheres, fillers, pigments, foaming agents, stabilizers, fire retaidants, and viscosity 
u^usting agents wWdi do not interfere witfi crosslinking. 

In practice, the photocrosslinidng agent and other ingredients are added to tiie 
elastomer, whereupon the material can be coated by methods well-known in the art, such as 
sohrtsit coating, hot-melt coating, solventiess or vrateitome coating, and extrusioa The 
coating is then exposed to radiation, preferably electromagnetic radiation such as UV figfat, 
under conditions suffident to rffect crosslinking of tiw dastomer. 

The photocrosslinkers of Formula (0 are preferably activated with long wavelength 
ultraviolet radiation (240-400 nm). The absorption maximum wiH depend on the molecular 
structure of tiie photooosslinking agent. High intensity UV Gghts are preferably used for 
curing. Sudi UV lights, including die PPG UV processor and Fusion Systems curing unit, 
are commerdally avaUable. The PPG UV processor is equipped with two medium pressure 
mercury lamps which have a spectral output between 240 and 740 nm with emissions 
primarily in the 270 to 450 nm output range. TTie lamps can be set at fidl power pOO 
Wattsfinch) or half power (150 watts/indi). The Fusion Systems Curing Unit uses UV 
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Jamps living a power supply Of 300 v»«tsrmc^ A variety of bulbs are available with 
diflfering spectral outputs. The preferred bulbs for the photoaosslinking agents of the 
im«ttion are the "D- or "H" bulbs, both commercially available fiom Fusion Syaems 
Corp., Rockville, MD. 

The radiatioi«rosslinked materials of the present invention are useful as sealaats 
and coating materials, such as inks, adhesives. printing and photographic coatings, paints, 
semiconductor masks, release coatings, photoresists, and photodetackifiable adhesives. 

TESTPRnrRnyipp<^ 

The foBowing test procedures were used to evaluate the pressure-aensitive 
materials used in the examples. 

Peel adhesion is the force required to remove a coated flexible sheet material fiom a 
test panel measured at a specific angle and rate of removal. In the examples, this foree is 
expressed in Newtons per decimeter (N/dm) width of coated sheet. The test foUows the 

I«ocedures found in ASTM D 3330^7 ("Peel Adhesion of Pressure Sensitive Tape at 180- 
AflglcT). Tte only deviations fiom the ASTM test are the substitution of a glass plate for 
tiiested plate called for in ti» test and a change in tfie ped rate. A glass test plate is 
washed witi, diacetone alcohol and cleaned with an absorbing material, such as a paper 
towel. The plate is tfjen dried and washed three more times with heptane. A strip 0.127 
dm in widtii of the sheet coated with the adhesive to be tested is applied to the horizonbd 
suffice of die cleaned glass test plate with at least 1.27 lineal dm in firm contact Tliree 
passes in each direction with a 2 kg hard rubber roUer is used to apply the strip. Ifair 
bubbles are emnvped between the test plate and the test strip, then the sample is d«^ 
The fiee end of the coated strip is doubled backed neariy touching itself so tfie angle of 
removal will be 180O. The free end is attached to die adhesion tester scale TT^glasstest 
plate is clamped in the jaws of a tensile testing machine which is capable of moving the 
plate away fiom tf,e scale at a constant rate of2.3 meters per mimite. The dweU time after 
roD down is 30 seconds. The scale reading in Newtons b reconted as the tape is peeled 
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15 



fiom the glass sur&ce. TT« data for die fim 0.5 dm of the strip is disregaided and the 
peak, valley, and average peel is recorded for the remainder of the test strip. 

Shear Strength 

The shear strength is a measure of die cohesiveness or internal strength of an 
adhesive. It is based upon the amount of force required to puU an adhesive strip fiom a 
standard flat surfece in a direction parallel to the suiftce to which it has been affixed with a 
definite pressure. It is measured in minutes required to puH a standard area of adhesive 
coated sheet material from a stainless steel test panel under stress of a constant, standard 

load. This test foHows the procedure described in ASTMD3645M-88: "Holding Power 
(^Pressure Senative Adheave Tapes." 

The tests were conducted on strips of coated sheet material applied to a stainless 
steel panel which was cleaned and prepared as described above. A 0. 127 dm by 0. 127 dm 
portion of each strip was in finn contact widi the panel with one end portion of the tape 
beingftee. The panel with the coated strip attached was held in a rack such that the panel 
fiMmed an angle of 178° with the extended tape fiee end which was tensioned by 
appUcation of a force of 1000 grams applied as a hanging weight fiom the free end of the 
coated strip. The 2" less than 1 80» is used to negate any peel fi,rces, thus insuring that only 
the shear fi>rces are measured, in an attempt to more accurately determine the holding 
power of the tape being tested. The time elapsed for each coated film to separate from the 
test panel was reconled as the shear strength. The type of feilure. either "adhesive" fiiilures 
when the adhesive separates cleanly from the panel or backing, or "cohesive" Mures in 
which the sample adhesive leaves residue on both the test panel and backing, is recorded. 
Gd fraction 

A known amount of polymer was put in an excess of a soh^ent capable of 
dissoMng the polymer and allowed to dissolve over a 24 hr period. The sample was 
fikered and the recovered solid was washed a couple times with fresh soWent ITie solid 
was dried and the amount recorded. The gel content was determined as Mam: 

30 solid weip;ht x 100% 

initial weight of sample 



20 



25 
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EXAMPLES 

The foUowing non-limiting examples further iDustrate the present inventioa 
Abbreviations 

Throughout this application the foUowing abbreviations wiU be used for the 
different components: 
AA acrylic add 

isooctyl aciylate 
benzophenone 

C4EstBP I.4-butanedi[4-ben2oylphenoxy]acetate 
1.5-bis(4-ben2oylphenoxy)pentane 

EXAMPT^F. 1 - Prep ararin n of C5E RP 

4-hydroxybenzophenone (3000 g; 15.15 molesX NaOH (608 g; 15.15 moles) and 
ethylene glycol (5500 g) >vere placed in a 12 liter flask fitted with a condenser and 
mechanical stirrer. The reaction mixture was stirred at 85«»C until the 
4-hydroxybenzophenoneandtheNaOHweredissoh/ed. The reaction mfaaure was then set 
to 135 "C and 2000 g (8.6 moles) of 1.5-dibromopentane was added. Excess NaOH (80 g. 
2.05 moles) was added in portions to maintain a basic pH After hea&ig for 1.5 hour^ the 
reactionwasessentiallycomplete. The mixture was cooled by the addition of2500g water 
aiKltijepredpitatedprodutt was filtered from the ethylene glycoIAiwrt^ n^tan. 

solid predpitate was then mfaced with 3608 g ethyl acetate to purify the product. Thisethyl 
acetate purification step was repeated and. following air drying. 2982 g of tiie purified 
CSEBP product was obtained 



EXAMPLE 2 - Prenamrinn » f Bisrhen7np h>^nn^) 

Analogs 

Bis(benzophenone) analogs of CSEBP were prepared in accordance with Example 
1 by repladng tiie 1,5-dibromopentane with equimolar amounts of Uie foUowing dibromo- 
substituted starting materials: 
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Dibromo - reagoit Photocrosslmker fhrmftrf 

1.9- dibromononane C9EBP 

1.10- dibromodecane ClOSP 
1,11-dibromoundecane CllEBP 

1.3- bis(bromom^yI)benzene mXEBP 

1.4- bis(bromom^yl)benz«ie pXEBP 

l,4-<Ubromobutane C4EBP 



gXAMPLE 3 - Preparation of 2.4,6-trir4 >ben2QvlphenoxvVL3 S-triaanermPT> 

A 500 ml 3-ncck Morton flask was equipped with mechanical stirring 
^paratus, a thermometer, and a pressure-equalizing addition funnel (PEAF). The 
flask was charged with 23,0 g bromine (Br2. 144 mmole) and 75 ml distiUed water 
(H2O). While being stirred, the flask and contents were cooled to less than 0**C with 
an external ice-salt water bath. The PEAF was charged with 7.00 g sodium cyanide 
(NaCN, 143 mmole) dissolved in 50 ml H2O. The NaCN solution was added dropwise 
over 15 minutes to the vigorously stirred cold Br2 solution so that the temperature 
remained less than 5'*C. The brown Br2 color was and replaced by a yellow color as 
the addition progressed. Stirring continued about 15 minutes past the end of addition, 
during which time the temperature fell to below OX. A mixture (slurry) of 26.75 g 4- 
hydroxybenzophenone (135 mmole) in 150 ml chloroform (CHCI3) was added to the 
contents of the flask. The PEAF was recharged with 13.7 g triethylamine (EtsN, 135 
mmole), which was added dropwise over 1 5 minutes to the contents of the flask so 
tiiat the temperature remained below 5°C. As the addition progressed, the white 4- 
hydroxybenzophenone dissolved and a yellow-orange color formed. The reaction 
mature was stirred for 70 minutes below OX., then the cold batii was removed and 
tiie reaction allowed to warm to room temperature over 2.5 hours witii continued 
stirring. 

The stirring was then halted and two phases were separated. The CHCb phase 
containing product was kept and the aqueous phase was isolated and extracted twice 
with 50 ml CHCb. The CHCb portions were combined and placed into a 1 liter 
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n)und4>ottonied flask with a magnetic stirring bar. A reflux condenser topped with a 
nitrogen gas (N^) inlet was attached, and the clear orange organic solution was stirred 
and refluxed under a flow of Nj. 

The reaction was cooled to room temperature and then 250 ml of saturated 
aqueous sodium bicarbonate was added, and the mixture was stirred vigorously. The 
phases were then separated, and the organic phase was dried with anhydrous 
magnesium sul&te. 

After gravity filtration, volatiles were removed w vacuo from the filtrate to 
leave 29.2 g crude 2,4.6-tri(4-benzoylphenoxy)-I.3.5-triazine. Reoystallization from 
ethyl acetate-hexane allowed removal of residual 4.hydroxyben2ophenone. yield: 13.3 
g white crystals. 

EXAMPLE 4 - Preparation of 2 4.6-trir4-hi.nrnY i phenoxvVl 1 S-triaane (TVKfT) 

A magnetic stirring bar. 8.25 g 4.hydroxybenzophenone (41.6 mmole), 250 ml 
xylenes, 2.50 g cyanuric chloride (13.6 mmole). 2.90 g potassium cariionate (21 .0 
nimole). and another 150 ml xylenes were added to a 1 liter round-bottomed flask. A 
reflux condenser topped with a nitrogen gas (N^) inlet was attached, and the mixture 
was refluxed with stirring under Nj. The reaction was cooled to room temperature, 
then 250 ml HjO was added, and the mixture was stirred vigorously. The phases were 
then separated, and the organic phase was washed with 250 ml half-saturated aqueous 
sodium bicariwnate. The organic phase was subsequently dried with anhydrous 
magnesium sulfete. gravity filtered, and the volatiles were removed from it in vacuo to 
leave 1 1.4 g brown oil that contained crude product 2.4,6-tri(4-benzoylphenoxy)- 
1.3,5.tria2ine and xylenes. This material was heated and triturated with ethyl acetate- 
hexane to afford a light tan powder that was isolated by suction filtration, then dried to 
give 4.80 g product. 
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EXAMPLE S - Preparation of 2.4 6-tri(4> r4>fluorQben2nvnDhenoxvV1.3.S>triaane 
fTFBPTl 

A magnetic stirring bar, 3.00 g 2,4,6.trichloro.l,3,5-tria2ine (cyanuric chloride, 
16.3 mmole), 10.9 g 4-fluoro-4^hydroxyben2ophenone (50.4 mmole), and 100 ml dry 
pyridine (previously dried over activated 4A molecular sieves) were placed into a 250 
ml round-bottomed flask. A reflux condenser topped with a nitrogen gas (N2) inlet 
was attached, and the mature was rcfluxed with stirring under N2. At first an orange 
color formed, then the mixture became an opaque homogeneous black afto- an hour. 
The solution was cooled to room temperature and then poured into 700 ml H2O. The 
liquids were decanted to leave a black solid that was dissolved in 100 ml CHCI3. The 
CHCI3 solution was dried with anhydrous magnesium sulfate, gravity filtered, and 
volatiles were removed in vacvo to leave 1 1 .5 g black solid. This solid was 
recrystallized from ethyl acetatc-hexane, including treatment with aaivated charcoal 
and decanting fi-om an insoluble black viscous oil, to give upon cooling of the mother 
liquor to O'C, 4.07 g whitish solid 2A6-tri(4^4.fluorobenzoyl)phenoxy).l,3,5- 
triazine. 

EXAMPLE 6 - Preparati on of 1.1-3.3 S.S-hexar^-benzovlDhenoxvV 1, 3,, 
cvclotriphosnhazene derivativ e fHBPCTP) 

(A) In a l-Bter flask were placed 36.0 gm 4-hydroxybenzophenone (1 82 
mmole), 100 ml glyme, 20 ml toluene, 100 ml tetrahydrofuran, 10.0 gm phosphonitriHc 
chtoride trimer (28.8 mmole), 45.0 gm triethylamine (445 mmole), and a magnetic stirring 
bar. The mixture was refluxed with stirring under nitrogen gas during which a white solid 
formed and the solution daricened. The reaction was cooled to room temperature and 750 
ml water was added. The mixture was stirred vigorously, then 50 ml chloroform was 
added, and the phases were separated. The aqueous phase was washed with 3 x 250 ml 
diloroform, then the combined organic portions were dried with magnesium sulfate, gravity 
filtered, and rotary ev^orated to leave 45.6 gm brown viscous oil. TWs material was 
dissolved in carbon tetrachloride, then suction filtered to remove solids. Volatiles were 
removed fi-om the filtrate //; vaato to leave 42.0 brown oil. This oil was triturated vwth 
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isopropyl alcohol and the brown liquid was decanted from the white solid that fonned. 
This white solid was recrystallized from ethyl acetate to give 7.85 gm of white powder, the 
pure product. 

(B) In a 1-liter flask were placed a magnetic stirring bar and 5.0 gm of a 50% 
by weight dispersion of sodium hydride in mineral oU (2.5 gm NaH, 100 mmole). Tits 

dispersionwaswashedwithllOmltoIueneunderNatoremovethemineialoil. TWs 
toluene was removed. 250 ml fresh toluene was added. foUowed by 18.0 gm 
4-hydroxybenzophenone (90.8 mmole) and another 250 ml toluene. Has mixture was 
refluxed with stining undier nitrogen gas to form the phenolate (a yellow^gieen color and 
suspension fonned). 5.0 gm phosphonitrilic chloride tiimer (14.4 mmole) was then added, 
and reflux with stirring under nitrogen gas was continued during which time die yeDow^ 
green color slowly discharged to be replaced by a white suspended soKd. The reaction was 
cooled to room temperature, then 500 ml water was slowly and carefiilly added with 
vigorous stining (gas evolution, exodienn). TTie phases were separated, and the oiganic 
phase was washed with 20 ml sanmited aqueous sodium bicaibonate solution tiiat had been 
dihited to 100 ml total volume by die addition of 80 ml water. The oiganic phase was dien 
dried widi magnesium sulfete. gravity filtered, and rotary evaporated to leave 21.6 gm 
viscous oil. which aystallized upon standing overnight. This solid was recrystallized fitim 
methanolHsthyl acetatei>etroleum edier to give 16.9 gm pale straw-colored aystals. the 
deared produa in 89"/e yield. 

Comparative Rxampic C-1 - Prenararion nf i 4-h»t, .n ^if4-h«.r»tHp t^ ^^^^ 

This ester-linked benzophenone was prepared accoiding to die metiiod of PCI 
Patent Appln. No. WO 93/16131 (Everaeitsetal.).Inafirststep,an 
eUiyl-(4W>yl-phenoxy)acetate (EPBA) precursor was prepared by lefiuxing a mixture 
ofl00.0grams(0.51moles)4.hydroxybenzophenone, 85.2 grams (0.51 moles) ediyl 
bromoacetate and 800 ml of 2-butanone (MEK) in die presence of an excess of potassium 
carbonate (209 grams or 1.5 moles). The carbonate was filtered oflfand die MEK removed 
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onaiotovapor. The residue was aystallizedfomisoptopyl alcohol to yidd a 
product whh a sharp mdting point of 82°C. The stnicture was confinned by NMR. 

In a second step, the comparative C4EstBP was prqjared by mbdng 10 grains 
(0.033 moles) of the EBPA with 1.6 grams (0.017 moles) of 1,4-butanedioI. The mixture 
was then stined with a magnetic bar. A few drops of methanesulfonic add were added as a 
catalyst and the mixture was heated to 120°C undw constant agitation. When cooled and 
washed with isopropanol, a vAtite soM was obtained, whidi was purified by crystallization 
fiomhottohiene. NMR analysis confinned the stnicture of the product 

EXAMPLES 7-1 1 and rOM PARATIVE EXAMPLE r.7 

The use and performance of several of the above radiation-activatable 
crosslinking agoits in solvent borne acrylate adhesive systems are compared to the use 
of benzophenone (BP) in this set of examples. These aoylate adhesives were prq>aied 
according to the method of U.S. Re 24,906 (UlrichX incorporated by reference herein, 
in ethyl acetate using the wdght ratios of isooctyl acrylate (lOA) and aciyUc add (AA) 
sped&ed in Table 1 . The Inherent ^oscosity O-v. in dl/g) in ethyl acetate at 2TC and 
the wdght percent of carbon tetrabromide chain transfer agent Of presait) used in 
these adhesive formulations is also listed in Table 1 . 

In each example, the photocrossiinker was dissolved in a 40 wt.% solution of 
the adhesive formulation in ethyl acetate. The mixture was coated on primed PET and 
then dried for 15 minutes at 65''C to give 25 ^un coatings. The films were UV cured 
by the use of a PPG high intensity UV processor wth two lamps at fiill setting and 
conveyor speed at 75 fpm, then stored for 24 hours in a constant temperature room 
hdd at 22°C and 50% rdative humidity. Gd flection for each example was measured 
as described above using ethyl acetate as the solvent. Shear strength was also 
measured at room temperature (22''C) and the shear failure mode (c = cohesive faihire, 
P = pop-ofFor adhesive feilure. c/p = mixed) was observed. For sraie examples, ped 
adhesion was also measured as described above. 
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Ex. 


lOA/AA 


i.v. 










yWi. /O ) 


7 


90/10 




n 1 


7 


90/10 


1 Ol 


n 1 
0.1 


7 




1 ni 


A 1 
0.1 


7 


on/ in 


1 A1 

1.0 J 


0.1 




on/in 


A £.A 

O.o4 


0.1 


w— A 


on/ in 


A 


0.1 


C-2 


on/ in 


A £.A 

U.04 


0.1 


C-2 


on/in 


A £.A 


0.1 


8 


QO/10 




A 1 

0.1 


8 


90/10 


n ^ 


n 1 
0. 1 


8 


90/10 


n 


A 1 

0.1 


8 


QO/in 


n <^ 
u.04 


A 1 

0.1 


9 


on/in 




0.1 


Q 


on/m 


0.64 


0.1 


Q 


OA/1 A 


0.64 


0.1 




AA/1 A 


0.64 


0.1 


10 


95/5 


0.81 


0.05 


10 


95/5 


0.81 


0.05 


10 


95/5 


0.81 


0.05 


10 


95/5 


0.81 


0.05 


11 


95/5 


0.81 


0.05 


11 


95/5 


0.81 


0.05 


11 


95/5 


0.81 


0.05 


11 


95/5 


0.81 


0.05 



TABLE 1 

Crosslinker 

(wt%) 
TBPT(0.1) 
TBPT(0.1) 
TBPT(0.1) 
TBPT(0.1) 
BP (O.I) 
BP (0.1) 
BP (0.1) 
BP (0.1) 
TBPT(0.1) 
TBPT(0.1) 
TBPT(0.1) 
■raPT(0.1) 
C5EBP(0.1) 
C5EBP(0.1) 
C5EBP(0.1) 
C5EBP(0.1) 
TBPT(O.l) 
TBPT(0.1) 
TBPT(O.l) 
TBPT(0.1) 
C9EBP(0.1) 
C9EBP(0.1) 
C9EBP(0.1) 
C9EBP(0.1) 



Dose 
(mJ/cm^ 
0 

160 
320 
480 
0 

160 
320 
480 
0 

160 
320 
480 
0 

160 
320 

480 
0 

160 
320 
480 
0 

160 

320 
480 



Shear 
(min.) 

18 c 

208 c 
10,000+ 
10^000+ 

19 c 
45 c 
53 c 
81c 
18 c 

209 c 
10,000+ 
10,000+ 

18 c 
1521 c 
lO.OOCH- 
10.000+ 

2c 
2033 c 
865 p 
442p 

2c 
880 c 
795 p 
395 p 



Gd 



70 

4 

22 
45 
54 
1 
8 
17 
26 
4 
22 
45 
54 
3 

40 
51 
57 
3 

55 
67 
72 
5 

59 
69 
74 



(N/dm) 



76.8 
69.0 
66.1 
56.7 
75.3 
62.8 
57.6 
54.5 



10 



EXAMPLE 12 AND rOMTPAR ATlVE EXAMPf P r.t 

This set of examples illustrates the improved perfoimance of the radiation- 
activatable crosslinking agents of the present invention over those ester-linked bis- 

benzophenones disclosed niPCTAppln. No. WO 93/1613 l(Everaertsetal.). 0.1 
wt% of C5EBP (Example 12) and an equimolar amount (0.121 wt%) C4EstBP 
(Comparative Example C-3) were combined (same procedure as in Examples 7-1 1). 
processed (cured with a Fusion Systems UV processor using the "H" lamps at fuU 
setting), and tested in a 90/10 lOA/AA aciylic adhesive formulation containing 0.1 % 
CBr, having an i.v. of 0.64 (dl/g). The results of gel fraction On ethyl acetate) and 
shear strength testing of these examples are found m Table 2. 
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TABLE 2 








Pv 


Tr^A/A A 


1,V. 


CBr4 


Crosslinker 


Dose 


Shear 


Gd 


12 




(al/g) 


(wt%) 


(wt%) 


(mJ/cm^) 


(min.) 


(%) 


V/.0*T 




CjtDF (O.I) 


0 


19c 


0 


12 


90/10 


0.64 


0.1 


C5EBP(0.1) 


122 


169 c 


13 


12 


90/10 


0.64 


0.1 


C5EBP(0.1) 


244 


1987 c 


42 


12 


90/10 


0.64 


0.1 


C5EBP(0.1) 


366 


4589 c 


47 


C.3 


90/10 


0.64 


0.1 


C4EstBP(0.121) 


0 


19 c 


0 


C-3 


90/10 


0.64 


O.I 


C4EstBP(0.121) 


122 


56 c 


4 


C-3 


90/10 


0.64 


0.1 


C4EstBP(0.I2I) 


244 


205 c 


10 


CO 


90/10 


0.64 


0.1 


C4EstBP(0,121) 


366 


483 c 


26 



As shown in Table 2, the crosslinking agents of the present invention pc 
not only the advantage of a direct synthesis from commonly available materials 
the bis(ben2ophenone) compositions found in PCT Appln. No. WO 93/16131 
(Everaerts et al.), but also can provide greater efficiencies and performance in 
crosslinked materials. 



EXAMPLE 1 3 AND COMPARATIVE EXAMPLE C-4 

A natural rubber-based adhesive composition was prepared by combining 50 
parts natural rubber (a CV-60 Standard Malaysian Rubber (SMR) natural rubber), 50 
parts by weight styrene-butadiene rubber (SBR 101 1 A, commercially available from 
AmeripoI/SynpolX 50 parts by weight Irganox™ 1010 ( a multi-fiinctional hindered 
phenol antioxidant, commercially available from Ciba-Geigy Corp.), and 1 part by 
weight C5EBP (Example 13) and an equimolar amount (0. 121 wt%) C4EstBP 
(Comparative Example C-4) to 25 wt. % solids in toluene. These mixtures were then 
coated on a primed polyester film and dried to a thickness of 25^m. and then UV 
cured by the use of a Fusion Systems UV processor using the "HT lamps at foil setting 
and conveyor speed at 75 fpm. These cured samples were then stored for 24 hours in 
a constant temperature room held at 22T and 50% relative humidity. Gel 
determination for each example was performed as described above using toluene as the 
solvent. The results of these tests are found in Table 3. 
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TABLE 3 



10 



15 



Ex. 


Crosslinker 


Dose 


Gd 




(wt%) 


(mJ/cm^ 


(%) 


13 


C5EBP(0.1) 


122 


33 


13 


C5EBP(0.1) 


244 


39 


13 


C5EBP(0.1) 


366 


52 


C-4 


C4EstBP(0.121) 


122 


27 


C-4 


C4EstBP(0.121) 


244 


35 


C-4 


C4EstBP(0.121) 


366 


41 



Again, the ether-linked photocrosslinker used in the present invention 
crosslinked the elastomeric formulation more efficiently than the ester-linked materials 
of PCT Appln. No. WO 93/1613 1. 

EXAMPLR S Hand IS 

Formulations of 0.1 wt. % C4EBP (Example 14) and ClOEBP (Example 15) in 
70:30 by weight poly(octene) (having an i.v. of 2 deciliters/g):Regaire2™l 126 (a 
tackifying resin commercially available from Hercules Inc.) were evaluated. Samples 
were solution coated from toluene, dried to a coating thickness of 25 ixm, and then UV 
cured by the use of a PPG UV processor with two lamps at full setting and conveyor 
speed at 75 fpm. These cured samples were then stored for 24 houre in a constant 
temperature room held at 22-C and 50% relative humidity. Gel determination for each 
example was performed as described above using toluene as the soh^ent Shear 
strength was also measured at room temperature (22»C) and the shear fiulure mode 
(c = cohesive feilure. p = pop-oflFor adhesive &ilure c/p = nuxed) was observed. Hie 
results of these tests are found in Table 4. 
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TABLE 4 



Ex. 


Crosslinker 


Dose 


Shear 


Gd 




(wt%) 


(mJ/cm^ 


(min.) 


(%) 


14 


C4EBP(0.1) 


0 


69 c 


2 


14 


C4EBP(0.1) 


160 


546 c/p 


34 


14 


C4EBP(0.1) 


320 


10,000 


44 


14 


C4EBP(0.I) 


480 


1108 p 


48 


15 


C10EBP(0.1) 


0 


65 c 


4 


15 


C10EBP(0.1) 


160 


854 c 


36 


15 


C10EBP(0.1) 


320 


10.000 


45 


15 


ClOEBP(O.l) 


480 


10.000 


47 



EXAMPLES 16-17 

This set of examples illustrates the use of photocrosslinkers of the present 
invention having aralkyi spacer segments. 0.1 wt% of mXEBP (Example 16) and 
pXEBP (Example 17) were combined, processed, and tested in the same maaaet as u 
Examples 7-1 1 in a 90/10 lOA/AA acrylic adhesive formulation having an i.v. of 
0.64(dl/g). The results of gel fraction (in ethyl acetate) testing of these examples are 
found in Table 5. 



TABLE 5 



Ex. 


lOA/AA 


i.v. 


CBr4 


Crosslinker 


Dose 


Gel 


16 


90/10 


(dl/g) 


(wt%) 


(wt%) 


(nJ/cm^) 


(%) 


0.64 


0.1 


mXEBP(0.1) 


0 


0 


16 


90/10 


0.64 


0.1 


mXEBP(0.1) 


122 


9 


16 


90/10 


0.64 


0.1 


mXEBP(0.1) 


244 


38 


16 


90/10 


0.64 


0.1 


mXEBP(O.l) 


366 


47 


17 


90/10 


0.64 


0.1 


pXEBP(O.l) 


0 


0 


17 


90/10 


0.64 


O.l 


pXEBP(O.l) 


122 


8 


17 


90/10 


0.64 


0.1 


pXEBP(0.1) 


244 


35 


17 


90/10 


0.64 


0.1 


pXEBP(0.1) 


366 


39 



EXAMPLE 18 

This set of examples illustrates the use of a polyfunctional photocrosslinker of 
the present invention having a heteroaromatic spacer segment. 0. 1 wt% of HBPCTP 
was combined, processed and tested in the same manner as Examples 7-11 in a 90/10 
lOA/AA aaylic adhesive formulation containing 0.1 wt% CBr4 ha^dng an i.v. of 0.64 
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(dl/g), except that a Fusion Systems UV processor using the "ff* lamps at fuU setting 
was employed. The results of gel fraction (in ethyl acetate) and shear strength testing 
of these examples are found in Table 6. 



Ex. 


lOA/AA 


i.v. 


CBr4 






(dl/g) 


(wt%) 


18 


90/10 


0.64 


O.I 


18 


90/10 


0.64 


0.1 


18 


90/10 


0.64 


0.1 



Dose. 


Shear 


Gd 


(mJ/cm^ 


(min.) 


(%) 


122 


275 


33 


244 


10,000 


65 


366 


10.000 


70 



TABLE 6 

Crosslinker 
(wt%) 
HBPCTP(0.1) 
HBPCTP(0.1) 
HBPCTP(0.1) 



EXAMPLK IQ 

A fonnulation of 0. 1 wt. % C lOEBP in Budene™ 1207 (polybutadiene rubber 
commercially available from Firestone Inc.) was evaluated. Samples were solution- 
coated from toluene, dried to a coating thickness of 25 nm. and then UV cured by the 
use of a PPG high intensity UV processor with two lamps at full setting and conveyor 
speed at 75 ipm. These cured samples were then stored for 24 hours in a constant 
temperature room held at 22°C and 50% relative humidity. Gel determination for each 
example was performed as described above using toluene as the sohrent. The results 
of these tests are found in Table 7. 



TABLE 7 



Ex. 


Crosslinker 


Dose 


Gel 




(wt%) 


(mJ/cm^) 


(%) 


19 


C10EBP(0.1) 


0 


3 


19 


ClOEBP(O.l) 


160 


35 


19 


C10EBP(0.1) 


320 


56 


19 


C10EBP(0.1) 


480 


64 



EXAMPLRS 90.7? 

This set of examples iUustrates the use of the photocrosslinkers of the present 
invention (C5EBP) in an acrylic pressure-sensitive adhesive to form a 
photodetackifiable adhesive. In each example, the photocrosslinker was dissolved m i 
40 wt. % solution of the adhesive fonnulation in tetrahydrofunm. These mixtures wer 
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coated on primed PET and then dried for 15 minutes at 65**C to give 25 ^m coatings. 
The films were UV cured by the use of a PPG high intensity UV processor with two 
lamps at full setting and conveyor speed at 75 fpm, then stored for 24 hours in a 
constant temperature room held at 22X and 50% relative humidity. Peel adhesion 
measurements were then made for these samples as indicated above. The results of 
these peel adhesion tests are found in Table 8. 









TABLE 8 






Ex. 


lOA/A 


i.v. 


Crosslinker 


Dose 


Peel 




A 


(dl/g) 


(wt%) 


(mJ/cm^) 


(N/dm) 


20 


90/10 


0.70 


C5EBP(1.0) 


0 


56.9 


20 


90/10 


0.70 


C5EBP(1.0) 


200 


24.1 


20 


90/10 


0.70 


C5EBP(1.0) 


600 


19.7 


21 


90/10 


0.70 


C5EBP(2.0) 


0 


50.3 


21 


90/10 


0.70 


C5EBP(2.0) 


200 


12.7 


21 


90/10 


0.70 


C5EBP(2.0) 


600 


12.3 


22 


90/10 


0.70 


C5EBP(4.0) 


0 


52.5 


22 


90/10 


0.70 


C5EBP(4.0) 


200 


8.1 


22 


90/10 


0.70 


C5EBP(4.0) 


600 


10. 1 



10 

Reasonable variations and modifications are possible fi-om the foregoing 
disclosure without departing fi-om either the spirit or scope of the present invmtion as 
claimed. 
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WE CLAIM: 



10 



20 



25 



1 . A radiation-crosslinkable composition comprising: 

(a) an elastomeric polymer containing abstractable hydrogen atoms in an 
amount sufficient to enable the dastomoic polymer to undeigo crosdinking 
in the presence of a suitable radiatiwi-activalable crosslinlcing agen^ and 

(b) aiadiation-activatablecrosslinkingagmtofthefonmila: 



O 

II 

X-C 



whefdn: 



X represents CHj-; phenyl; or substituted-phenyl; or substituted-phenyl with the proviso 
that any substituents on the substituted-pheny) do not mteifere with the light-absoibing 
capacity of the radiation-activatable crosslinldng agent and do not promote intramoiecular 
15 Mrogen abstraction ofthe radiation activatablecrosslinking agent; 
W r^resents -0-, -NH-, or -S-; 

2 represents an organic spacer selected fiom the group consisting of aliphatic aromatic 
aralkyl, heteroaroraatic, and cycloaliphatic groups free of esters, amides, ketones. 
ur«hanes. and also fiee of ethers, thids. allyfic groups, and benzyiic groups 
atoms intramoleculaily accessible to the carbonyi group of said radiation^ctivatable 
crosdinldng agent; and 
n represents an integer of 2 or greater. 



2. A radiation-crosdinkaUe compoation according to Claim 1 wber&n the 
elastomeric polymer is a macromolecular material that returns rapidly to its approximate 
initial dimensions and shape after substantial deformation by a weak stress and subsequent 
retease of that stress as measured according to ASTM D 1456-86. 
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3. The radiadoiKTOSslinkabie compoation according to Claim 1 wherein said 
dastomeric polyma- is sdected from the group consisting of: styren^utadiene rubber, 
slyrene-isoprwie-styrene block copolymer; styraie-butadiene-styrene block copolymer, 
«hj4ene-propylene-dime monomo- rubber, polyisobutylene; natural rubbo; q^nthetic 
polyisoprene; acrylonitrile-butadiene copolymers; polychloroprene; elhylene-vinyiacetate 
copolymer, siUcones; polyacrylates; polybutadiene; poly(a-olefins), poly(vinyl cUms); 
poly(vinyl estm); and poiymethacrylates. 

4. The radiation-crosslinkable composition according to Claim 3 wherein said 
dastomeric polymo- is sdeaed from the group consisting ofi natural lubber. 
polybutadiene; polyisoprene; styrene-butadiene-styraie Mode copolymer, and s^rene- 
isoprene-styrene block copolymer, polyaoylate^ and poiymediacrjiates. 

5. The racfiation-crosslinkable compoadon according to Claim 1 wherein said 
radiation-aciivatable crosslinldng agent is present in an amount of from 0.01-2S wdght 
percent, based upon the total wdght of said dastomeric polymer. 

6. The radiation-crosslinkable composition according to Claim 1 wherdn said 
radiation-activatable crosslinldng agent is present in an amount of from O.I-IO wdght 
percent, based upon the total wdg^ht of said dastomeric polymer. 

7. The radiation-crosslinkable composition according to Claim 1 fiirther 
comprising additives selected from tiie group consisting of thenmally expandable polymeric 
microspheres; glass mioospheres; pigments; foaming agents; stabilizers; fire retardants; and 
viscosity adjusting agents. 

8. The radiation-crosslinkable composition according to Claim 1 wherein said 
radiation-activatable crosslinking agent has the following formula: 
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wherein: each R substituem independendy represents hydiQgen; C i to Cg alkyi; C i to Ce 
alkoxy, or halogen; Y represents caibon or phosphonis and x is 1 or 2, whh the proviso 
thatwhenYiscaibon,xis 1 and when Vis phosphorus; x is 2. 



9. The radiationsatwsfinlcable composition acwidu^ 
carbon and X is 1. 



10. The radiation^»osslinkable composition according to Claim 
(rfioq>horus and X is 2. 



11. The radiation-crosslinkable composition according to Claim 1 wherein X i 
phenyl; W is oxygen; Z is -(rCH2^.i2; and n is 2. 
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12. A radiation-crosslinked compoation prq>ared by the prcx:ess of subjecting 
the radiatioiHTOssIinkable composition of Claim 1 to radiation in an amount suflBdeot to 
abstract hydrogoi atoms from said dastomeric polymer by the resulting radiation-activated 
crosdinking agent. 

5 

13. A radiation-crosslinked dastomwic compoation according to C3aim 11 
wherein said radiation is dectromagnetic radiatioa 

14. A radiation-crosslinked dastomeric compostion according to Claim 11 
1 0 wherdn said racfiation hsis a wavder^ in the range of about 240 to 400 nm. 

15. A radiation-crosslinked composition prepared by the process of subjecting 
tiie radiation-crosslinkable composition of Clam 8 to radiation in an amount suffident to 
abstract hydrogen atoms from said dastomeric polymer by die resulting radiation-activated 

IS aossiinkingagait. 

16. A radiation-crosslinked composition prepared by the process of subjecting 
the radiation-crosslinkable composition of Claim 1 1 to radiation in an amount suffidait to 
absiraa hydrogen atoms fixjm said dastomeric polymer by die resuhing radiation-acfivated 

20 oossGnking agent. 
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17. A coinpoadon having the Mowing stru^uie: 




Cg alko;^; or halogen. 
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